The purpose of this study was to examine whether the association between daily light-intensity physical activity (LPA) and total body fat mass changes during childhood. The study sample was 577 children participating in the longitudinal Iowa Bone Development Study. Body fat mass and physical activity (PA) were measured using dual energy X-ray absorptiometry (DXA) and accelerometers, respectively, at approximately 5, 8, and 11 years of age. Age-and gender-specific multivariable linear regression models were fit to predict fat mass by LPA, adjusted for actual age, birth weight, fat-free mass, height, moderate-to vigorous-intensity PA, and physical maturity (only for girls). Among boys, LPA was negatively associated with fat mass at age 11, but not age 5 or 8. Among girls, LPA was negatively associated with fat mass at ages 8 and 11, but not at age 5. LPA may have a beneficial effect against excess adiposity among older children.
The benefit of regular moderate-to vigorous-intensity physical activity (MVPA) for obesity prevention is well acknowledged by the public. The effect of MVPA on adiposity is mainly explained by energy expenditure associated with MVPA. Lightintensity PA (LPA) is defined as any activities with intensity between sedentary behavior and moderate-intensity PA. LPA involves lower energy expenditure than MVPA, but higher energy expenditure than inactivity. Therefore, it is conceivable that daily LPA may have a protective effect against excess fat mass. Given the fact that a substantial proportion of American children do not meet MVPA recommendations (22) , LPA promotion may be an alternative strategy in preventing childhood obesity.
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Exercise studies have traditionally focused on MVPA, which has often been measured by self-report PA recall questionnaires. Because LPA frequently occurs in daily life, it is more difficult to accurately quantify LPA than MVPA when using PA questionnaires (18) . The development of accelerometry as an objective measure of PA provides new possibilities for objectively assessing the full range of PA intensities, from inactivity to vigorous activity, in free-living subjects over a number of days, and for studying the health effects of all PA intensity levels (15) .
Recently, several studies (1, 2, 4, 19, 20, 23) examined the association between accelerometer-measured daily LPA and adiposity in children. Two cross-sectional studies (1, 20) demonstrated a negative association between accelerometer-measured time spent in LPA (Time LPA) and adiposity indicators, such as body mass index (BMI) percentile, fat mass, and percent body fat (BF%), among children and adolescents. However, others (2, 4, 19, 23) have reported no association between Time LPA and BMI. At this time, research is limited regarding the association between LPA and adiposity during childhood; the association may differ by childhood age, because the pattern of PA changes during childhood.
Previously, we reported the beneficial effects of accelerometer-measured MVPA on adiposity and bone health in childhood using the longitudinal Iowa Bone Development Study data (8, 9) . We herein examined whether the association between daily LPA and body fat mass change during childhood using the data. We hypothesized that LPA may play an important role in determining fat accumulation in late childhood, but not in early childhood. Previous LPA studies have often used Time LPA as a LPA indicator. From an energy expenditure perspective, however, not only duration of LPA, but also its intensity is assumed to be a significant factor in establishing a relationship between adiposity and LPA. Fat mass is expected to better indicate an actual body fat level than BMI in children. Therefore, we examined the association between accelerometer-measured intensity-weighted LPA (IW-LPA) and dual energy X-ray absorptiometry (DXA)-derived total body fat mass during childhood.
Methods

Participants
The study sample was a cohort of children participating in the Iowa Bone Development Study, which is an ongoing longitudinal study of bone health during childhood and adolescence. The study participants are a subset of Iowa children recruited during 1998-2001 from a cohort of 890 families participating in the Iowa Fluoride Study. Detailed information about the study design is described elsewhere (5, 8, 10) . Accelerometer and DXA measurements were conducted at approximately 5, 8, and 11 years of age (4.3-6.8 years of age range at the first examination, 7.6-10.8 years at the second examination, and 10.5-12.4 years at the third examination). Even if a cohort member did not participate in the age 5 examination, s/he was invited to participate in the age 8 and 11 examinations. If the time interval between the accelerometer measurement and DXA scanning was greater than 1.5 years for any age examination, the data for that examination were excluded. Four hundred thirtysix children completed both the accelerometer and DXA assessments at the age 5 examination from February 1998 to November 2000; 502 at the age 8 examination from September 2000 to December 2004; and 454 at the age 11 examination from October 2003 to September 2006. A total of 577 children (51% girls, 95% white) who completed at least one of those three examinations were included in the data analysis. The study was approved by the University of Iowa Institutional Review Board (Human Subjects). Written informed consent was provided by the parents of the children and assent was obtained from the children.
Physical Activity Measurements
Physical activity was measured using Actigraph uniaxial accelerometers (model number 7164, Pensacola, FL). Accelerometer movement counts were collected in one-minute intervals (one-minute epochs). At the age 5 and 8 examinations, children were asked to wear the monitors during waking hours for four consecutive days, including one weekend day, during the fall season (September through November). At the age 11 examination, they were asked to wear the monitor during waking hours for five consecutive days, including both weekend days, during the fall season. The procedure for PA measurement is described in detail elsewhere (6, 7) . In the data reduction process, an interval of 20 or more consecutive minutes of zero accelerometer counts was considered as not wearing the monitor and invalid data (3). The two inclusion criteria for accelerometer data for data analysis were having valid data for more than eight hours per day and wearing the monitor for at least three days. The mean number of valid days of monitor-wearing was 4.0 days at age 5, 4.0 days at age 8, and 4.9 days at age 11.
Measure of Light-Intensity Physical Activity
Light intensity was defined by accelerometer counts per minute between inactivity and moderate to vigorous intensity. Moderate to vigorous intensity was defined as 3,000 or more accelerometer movement counts per minute (ct·min 1 ; 16, 21) . There is no consensus on an accelerometer count cut-point to define inactivity in children. We selected two extremes (low and high) among cut-points suggested in previous studies: 99 ct·min 1 (13, 21) and 1,099 ct·min 1 (17) . This approach allowed us to identify the influence of the cut-points in examining the association between LPA and adiposity (two light-intensity definitions: 100-2,999 ct·min 1 or 1,100-2,999 ct·min 1 ). Intensity-weighted LPA (IW-LPA) was determined as the daily sum of accelerometer counts derived during LPA. Intensity-weighted MVPA (IW-MVPA) was determined as the daily sum of accelerometer counts derived during MVPA. Total activity was defined as the daily sum of accelerometer counts during any intensities of PA (³ 100 ct·min 1 ).
Total Body Fat Mass Measurements
At the age 5 and 8 examinations, whole body scans using a Hologic QDR 2000 DXA (Hologic, Waltham, MA) were acquired using software version 7.20B in the fan-beam mode. At the age 11 examination, the Hologic QDR 4500 DXA (Delphi upgrade) with software version 12.3 in the fan-beam mode was used for scan acquisition. Quality control scans were performed daily using the Hologic phantom. To adjust for measurements differences between the two DXA machines, linear regression equations were used to translate 4500 DXA measures to 2000 DXA measures for age 11 examinations. The translational equation was developed specifically for the two scanners in a pilot study where 60 of the children (32 boys, 28 girls) aged 9.9 to12.4 years (mean = 11.4 years, SD = 0.4 years) were scanned on each machine in random order during one clinic visit (8) . The equation was [2000 DXA-estimated body fat (kg) = 1.238 × 4500 DXA-estimated body fat (kg)-1.694]. Total body fat mass (kg) was derived from the scan images. Fat-free mass (kg) was calculated as the sum of bone-free soft tissue and bone mineral content.
Covariate Measurements
At each DXA visit, research nurses trained in anthropometry measured the child's height and weight. Sitting height was measured at the age 11 examination to calculate maturity offset (year from peak height velocity) using predictive equations established by Mirwald and colleagues (14) . To estimate physical maturity status, the maturity offset variable was dichotomized as prepeak height velocity (premature) or postpeak height velocity (mature). Dietary assessment was conducted using a three-day food diary at the age 5 examination and the Block Kid's Food Frequency Questionnaire (the Block Kid's FFQ; 12) at the age 8 and 11 examinations. Approximately 40% of the age 5 participants completed a 3-day food diary, while 94% of the age 8 participants and 98% of the age 11 participants completed the Block Kid's FFQ, respectively. Birth weight data were available in the original Fluoride Study database.
Statistical Analysis
Age group (5, 8, and 11 years)-and gender-specific analyses were performed using SAS version 9.2 (Cary, NC). Descriptive analyses were conducted. The distribution of times spent in different intensities of activity during waking hours was determined. The distribution of total fat mass by age was depicted in a scatter plot. Because the fat mass variable was not normally distributed, a Box-Cox power transformation of the fat mass variable (hereafter 'transformed fat mass') was performed (the lambda is noted in Tables 2 and 3 ). Age-, height-, and fat-free mass-adjusted partial correlation coefficients between the LPA variables and the transformed fat mass variable were estimated.
The LPA associated with fat mass was tested using the two IW-LPA variables derived based on two different light-intensity definitions (100-2,999 ct·min 1 and 1,100-2,999 ct·min 1 ; these IW-LPA variables were labeled as IW-LPA100 and IW-LPA1100, respectively). Multivariable linear regression models were fit to predict transformed fat mass based on IW-LPA. The models also included actual age, birth weight, height, fat-free mass, and IW-MVPA as covariates. Physical maturity status was additionally included as a covariate in models for girls at age 11; none of the boys were classified as postpeak height velocity at age 11. Another set of multivariable linear regression models were fit, additionally including energy intake as a covariate to investigate its potential confounding effect. Herein, we present the results from final multivariable linear regression models excluding energy intake for the following three reasons: energy intake did not change the direction or magnitude of the association between LPA and transformed fat mass; energy intake measured by the Block Kid FFQ was found to have a low validity (12) ; and there was a low completion rate at age 5.
After model fitting, model diagnostics were performed to test whether the data met model assumptions. If an observation significantly changed the estimated model coefficients (influence, residuals exceeding +3 or -3), the observation was excluded. Linearity, normality of residuals, and heteroscedasticity were tested. For the collinearity assumption, if a tolerance value was lower than 0.1, the variable was considered as a linear combination of other predictor variables. Based on model diagnostics, one boy at age 5, three boys at age 8, and two boys and three girls at age 11 were excluded from the final models. The significance level was set at 0.05 (two-sided). Table 1 presents the characteristics of participants according to gender and age group. The mean fat mass increased 9.2 kg in boys and 9.5 kg in girls over six years. Birth weight was 3.6 ± 0.6 kg for boys and 3.4 ± 0.5 kg for girls (not shown in Table 1 ). The range of the fat mass distribution increased wider with age ( Figure  1 ). As illustrated in Figure 2 , inactive time tended to increase and Time LPA tended to decrease with age. The proportion of time spent in MVPA (Time MVPA) during waking hours was minimal at each age. Bivariate analyses showed that the correlation coefficients of IW-LPA with IW-MVPA were low to moderate (IW-LPA100: r = 0.22-0.29 for boys and r = 0.20-0.33 for girls; IW-LPA1100: r = 0.34-0.37 for boys and r = 0.36-0.42 for girls, data not shown). As presented in Table 2 , age-, height-, and fat-free mass-adjusted Pearson correlation coefficients between transformed fat mass and IW-LPA were more strongly negative with increasing age; significant at ages 8 and 11 (p < .05) for both boys and girls, but not significant at age 5 for either boys or girls. Table 3 shows the fitted multivariable linear regression models predicting transformed fat mass by IW-LPA, adjusted for actual age, birth weight, height, fat-free mass, IW-MVPA, and physical maturity at age 11 (only for girls). Among boys, both IW-LPA100 and IW-LPA1100 were negatively associated with transformed fat mass at age 11 (p < .01), but not at ages 5 or 8. Among girls, IW-LPA1100 was negatively associated with transformed fat mass at age 11 (p < .05). The negative association between IW-LPA1100 and transformed fat mass at age 11 was suggestive (p < .10). Both IW-LPA100 and IW-LPA1100 were negatively associated with transformed fat mass at age 8 (p < .05), but not at age 5.
Results
Discussion
Main Findings and Consistency
The purpose of this study was to examine whether the association between daily LPA and total body fat mass changes during childhood. We found that IW-LPA was negatively associated with fat mass in children at age 11, but not at age 5. The negative association between IW-LPA and fat mass at age 8 was observed only among girls. A few studies examined the association between accelerometermeasured Time LPA and adiposity in youth. Two cross-sectional studies (1, 20) demonstrated a significant negative association between Time LPA and adiposity. -Scatter plots of fat mass over age in boys and girls (a) Boys (n = 204 at age 5, n = 245 at age 8, and n = 218 at age 11; b) Girls (n = 232 at age 5, n = 257 at age 8, and n = 236 at age 11) Figure 2 -Daily time allocation for physical activity intensities according to gender and age group. Note: Time LPA100-1099 = the amount of daily time spent in light-intensity physical activity defined as 100 ct·min 1 ≤ accelerometer counts ≤ 1,099 ct·min 1 , Time LPA1100-2999 = the amount of daily time spent in light-intensity physical activity defined as 1,100 ct·min 1 ≤ accelerometer counts £ 2,999 ct·min 1 , Time MVPA = the amount of daily time spent in moderate-to vigorous-intensity physical activity defined as accelerometer counts ≥3,000 ct·min 1 , Time Inactivity = the amount of daily inactive time defined as accelerometer counts < 100 ct·min 1 . For boys, n = 204 at age 5, n = 245 at age 8, and n = 218 at age 11. For girls, n = 232 at age 5, n = 257 at age 8, and n = 236 at age 11. CI = confidence interval, IW-LPA100 = the daily sum of accelerometer counts during light-intensity physical activity defined as 100 ct·min 1 £ accelerometer counts £ 2,999 ct·min 1 , IW-LPA1100 = the daily sum of accelerometer counts during light-intensity physical activity defined as 1,100 ct·min 1 £ accelerometer counts £ 2,999 ct·min 1 , IW-MVPA = the daily sum of accelerometer counts during moderate-to vigorous-intensity physical activity defined as accelerometer counts ³ 3,000 ct·min 1 . in grades 3 and 7, Thompson et al. (19) found no difference in Time LPA among healthy-weight, overweight, and obese groups.
It may be inappropriate to directly compare results across studies, because of the use of different types of accelerometer and different cut-points. In the current study, however, the use of two distinct LPA accelerometer cut-points did not influence the association between LPA and fat mass. Potential confounding factors may partially explain the inconsistency across studies. Previous studies did not take into account MVPA and birth weight, which were found to be significant confounding factors in the current study. Controlling for possible confounding factors is critical for the internal validity of study results. For example, in the current study, the age-, height-, and fat-free mass-adjusted correlation coefficient between IW-HLPA and fat mass at age 8 among boys was significant; however, multivariable linear regression analysis revealed that IW-HLPA was not associated with fat mass, after further adjustment for birth weight and IW-MVPA. In future research to examine the role of LPA in determining adiposity, such factors, particularly MVPA, should be taken into account as potential confounding factors. In addition, the difference of monitor-wearing time could lead to measurement error in estimating LPA. However, when we additionally examined the association between average IW-LPA (IW-LPA divided by monitor-wearing time) and fat mass, the results again demonstrated a negative association only among older children.
Measurement Issues of Physical Activity
It is a concern that despite the need to consider LPA, there is no consensus on an accelerometer count cut-point to define LPA in children. Suggesting an appropriate cut-point for defining LPA is beyond the scope of this study. However, this study demonstrates that the analysis results using two distinct cut-points in the association between LPA and fat mass were fairly consistent.
Previous studies have often used Time LPA as the indicator of LPA. In exploratory analyses, we found that fat mass was more strongly negatively associated with the two IW-LPA variables (p < .05 for boys and p < .10 for girls) than with two Time LPA variables (p > .10 for boys and p > .70 for girls) at age 11. These findings suggest that not only LPA duration, but also its intensity should be considered when investigating the association between LPA and adiposity. However, researchers should be cautious because the use of IW-LPA may amplify measurement error, which is derived from the difference of relative intensities between individuals when absolute intensity is given. β = regression parameter estimate, IW-LPA100 = the daily sum of accelerometer counts during lightintensity physical activity defined as 100 ct·min 1 ≤ accelerometer counts ≤ 2,999 ct·min 1 , IW-LPA1100 = the daily sum of accelerometer counts during light-intensity physical activity defined as 1,100 ct·min 1 ≤ accelerometer counts ≤ 2,999 ct·min 1 , IW-MVPA = the daily sum of accelerometer counts during moderate-to vigorous-intensity physical activity defined as accelerometer counts ≥ 3,000 ct·min 1 , SE = standard error of the estimate.
In the Box-Cox transformation of fat mass, the lambda was -1.0, -0. For boys, n = 203 at age 5, n = 242 at age 8, and n = 216 at age 11. For girls, n = 232 at age 5, n = 257 at age 8, and n = 233 at age 11.
In contrast with previous studies, the current study suggests the potential difference in the association between LPA and fat mass by age, which may be partially explained by the change of PA patterns during childhood (e.g., greater time spent in inactivity or more fat mass variability in older children than younger children). However, potential measure error should be considered in interpreting the results. First, because the relative intensity of a given absolute accelerometer counts per minute value is higher in younger children than in older children, the application of the same cut-point for PA intensity categorization to different age groups may have caused misclassification of the exposure. Second, PA patterns of young children may include more various types of activities in addition to ambulatory activities than those of older children. Therefore, when PA was measured by waist-worn accelerometers which are known to best capture ambulatory activities of walking and running, larger measurement error of PA at age 5 may have occurred than for any other age group. Lastly, as illustrated in Figure 1 , given a low level of fat mass and its narrow distribution at age 5 in this study sample, the observational data may be inappropriate to demonstrate an association between LPA and excess body fat. However, considering that IW-MVPA was negatively associated with fat mass at age 5 (data not shown), it would seem that adiposity has, at the most, a weaker association with LPA than with MVPA among younger children.
Public Health Implications
First, the study supports the current PA recommendations focusing on MVPA. LPA seems to have some beneficial effect on adiposity among older children, but little to no effect among younger children, whereas the beneficial effect of MVPA on adiposity is consistent throughout childhood. Therefore, promoting MVPA would be an appropriate recommendation for obtaining a health benefit of PA. Second, this study suggests that the effect of LPA on adiposity may become apparent with age throughout childhood. The promotion of LPA, such as slow walking and playing active electronic games (11), may be an alternative intervention strategy for obesity prevention in older children. It would be a realistic and practical strategy for inactive children to gradually increase PA, by moving from inactivity to LPA and to MVPA. Promoting LPA may be particularly meaningful for girls who are likely to engage in less MVPA than boys.
Limitations and Strengths
The study sample was not randomly selected; selection bias may have occurred. Therefore, an association between LPA and adiposity observed in this sample may not represent that in the general child population and caution should be taken in generalizing the results. In the participant cohort, 95% were white, which is a lower risk population for childhood obesity than the Hispanic or African American population. Genetic predisposition to body composition was not accounted for. This observational study cannot eliminate error by residual and unmeasured confounding factors. However, the use of objective and accurate measures for both PA and adiposity helped reduce measurement error and increase the confidence of internal validity. Considering potential confounders such as MVPA and birth weight also helped protect study results against threats to internal validity. In conclusion, this study suggests there is a possibility that LPA has a preventive effect against excess adiposity in older children. More research is required to further examine the possible beneficial effect of LPA on obesity prevention throughout childhood.
